


Notice 
This document is disseminated under the sponsorship of the Depart- 
ment of Transportation in the interest of information exchange. The 
United States government assumes no liability for its contents or use 
thereof. This report does not constitute a standard, specification, or 
regulation. 

The United States government does not endorse products or manufac- 
turers. Trade or manufacturers' names appear in this report only be- 
cause they are considered essential to the objecti1.e of the document. 



Purpose 
This brochure pro\.ides an o\.er\,iecv of facts and figures regarding the 
linkages betwcen transportation ' ~ n d  air qualit!,. The focus of  this 
brochure i s  primarily on transyortatio~i-related emission trends, poli- 
cies, technologies, and standards that affect on-road mobile sources 
including automobiles, light-duty trucks, and hea\.!~-dut\~ trucks. 

Terms 
C A A A  The Clt,an Air :\ct Amendments of I W ~  

C,1rbon-mono\ici~'-~1 criteria p o l l ~ ~ t ~ ~ n t - a  product o i  
inconiplc~te fuel ctilnbustlon. 

N A A Q S  

NO, 

Nation,iI Ambient Air Qua11ty St'indarcis-tederall!. 
es t~ibl i~l ied  stanci'li.ci5 for p o l l ~ ~ t ~ ~ ~ ~ t  concentration5 t h t  
States, citiei, ~ L I  to\\ ns must niiitxt b! spvcititd dc'i~ilines. 

Non-road engines Aircratt, tr'lins, boats, off-ro'id r e ~ r e a t i o n ~ ~ l  \ eliicles, t x m  
and construction cil i~~pt-nent,  and !,ar~i tools. 

On-road vehicles C'irs, ,in>, huit+,  light-dut! and  hea\. \  -di~t!. trucks, ~11icl 
motorcycles. 

I'M 

I'M 

Particulate n?attt,r \\.it11 ciiCjmt~tt~r lcis t h ~ n  10 micro~iwteri .  

I'articul,1ttl m'itter ~ \ , i t l - i  '1 di,inii,ter less than 2.5 micrometers. 

I'oint arid arca sources Stati~n~tr!, sources of ianiissionb, ~ncluii ing electric ~ ~ t i l ~ t i e s ,  
f,ictorii,s, pc~troleum rt>fineri?s, iir! cleaners, ,?nil i o  iorth. 
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Tkansportation and Air Quality 
In response to the Clean Air Act ot 1970, the U.S. En\.ironmental Protec- 
tion Agency (EPA) est'lblished N,itional Ambient Air Qualit!. Standards 
(NAAQS) for various pollutants-knotvn as "criteria" pollutants-that 
ad\rersely affect human health and rvelfare. This brochure focuses on the 
three major transportation-related criteria pollutants: 

Ozoiic (0;) and its precursors, \,ol;ltlle organic compounds ( i 7 0 C )  
and oxides ot nitrogen (no\) 
Particulate Matter (PM) 

Carbon Monoxide (CO) 

Other criteria pollutants include sulfur dioxide (SO?), nitrogen dioxide 
(NO?), and lead (Pb). In the past, motor \.chicles were a major source of 
lead emissions but are no longer '1 major contributor because leaded 
gasoline is no longer generally a\.ailable. 

Fuel combustion by motor vehicles and other sources releases carbon 
dioxide (CO,), which is a "greenhouse gas" that traps heat within the 
earth's atmosphere. CO? is not directly harmful to human health and is 
not regulated under the Clean Air Act. 

Significant progress has been made in reducing criteria pollutant 
emissions from motor \,chicles and impro\.ing air qualit! since the 
1970s, eIren as ~e l i ic le  tral-el has increased rapidly. The air is noticeably 
cleaner than in 1970, and total criteria pollutant emissions from motor 
~~eh ic l e s  are less than they were in 1970 despite a rnore than doubling of 
vehicle miles of travel. 

Challenges st111 remaln In 1997, EPA issued re\ isecl standards for ozone 
and particulate matter that reflect impro\ ed understanding of the health 
effects of these pollutants Based on monitored data, approx~matelq 121 
million people un the United States reside in counties that did not meet 
the alr quality standards for at least onc UAAQS pollutant in 2000 

For more detailed data on the subjects covered, refer to the sources and 
Web sites listed on pages 4 7 3 9  of this publication. 



Pollutant Effects 
Above certain concentr'ition~, ozone (O:), part~cul'ite matter (PM), and 
carbon monoxide (CO) can cause or e\accrb,ite health problems and/or  
increase mortalit), rates, making their control an important goal under 
the Clean Air Act. 

Ozone (0,) 
Ground-le\-el ozone is tlie major component ot smog. While ozone in the 
upper atmosphere (tlie "ozone I'iyer") occurs n'itur;ill>, and protects life 
on earth from harmful ~l t ra\ , iolet  s'idiatio~i, ozone at ground le\.el is a 
noxious pollutant. Ground-le\.el ozone is not directly emitted, but is 
formed by the reaction of oxides of nitrogen (SO,)  'ind \,olatile organic 
compounds (VOC) in the presence of sunlight. 

Ozone is a se\.ere irritant, responsible for choking, coughing and 
stinging eyes associated \\.it11 smog. Ozone damages lung tissue, aggra- 
vates respiratory disease, and makes people more s~~scept ible  to respira- 
tory infections. Children are especiall\f \.ulnerable to ozone's harmful 
effects, as are adults ~v i th  existing respiratory disease. E1.t.n healthy 
indi\,iduals map experience impaired lung function from breathing 
ozone-polluted air. In addition to Iie'ilth problems, ozone harms vegeta- 
tion, resulting in reduced c~g r i c~~ l tu r a l  ' ~ n d  com~nerci~il  forest !,ields, 
increased tree and plant susceptibilit! to disease 'itid other en\riron~nen- 
tal stresses, and potential long-term effects on forests and ecosystems. 
Peak concentrations typic'illy O C C L I ~  in sunimer. 

In July 1997, EPA announced a ne\jr ozone standard. The nexv $-hour 
standard is more stringent than tlie old standard requiring ozone le\rels 
to be lo~vered to .08 parts per million (ppm) rather than the old one- 
hour .12 ppni standard. The ne\v standard is expected to be imple- 
mented during 2002-03. 

Particulate Matter (PM,,, and PM, i) 
Particulate matter is tlie term used for a mixture of solid particles and 
liquid droplets found in the air. These particles come in a wide range of 
sizes and can remain suspended in tlie air for extended periods. PM can 
be emitted directly by a source or formed in the atmosphere by the 
transformation of gaseous emissions such 'is s ~ ~ l f u r  dioxide (SO,), oxides 
of nitrogen (NO,), and \.olatile organic compounds (\'OC). 



Fine particles, under  2.5 microns in diameter (I'hl, ;), result from fuel 
co~nbus t ion  from motor \,tlhicles 'lnd other source:,, '3s \\,ell '1s transtor- 
mation of gaseous emissions. C o ' i ~ w  plrticles under  10 micron:, in 
diameter (Ph l , , , )  gener'ill>. consist of \vindblo\\m dust ,  'ind 'ire rele,ised 
from agriculture, 'ind crushing 'ind grinding oper'ltions. 

In Ju ly  1997, E13A c i ~ i n o ~ ~ ~ i c c i i  re\ isions to tlic p ~ r t i c u l ~ i t e  matter s t m -  
dards .  Trj.0 nebv PM, ; stCinclc~rds (,innuC1l 'ind 21-hour st 'lndards) \\.ere 
added to the existing st'>nclards tor I'h'I,,,. The nt,\\, st,tnd,ircls focus on 
tine particles undcr  2.5 microns in dianieter, \\.hicli ,irtl belit,\ .td to be the 
most closely associatecl \\.it11 ' i c ~ ~ t e  lieciltli effects. The ne\\. s tan~l~irc ls  are 
expected to be iniplementcd b!. 2005. 

1' a1 . t~cu la t e  ' matter irritates the membrcines of the respirator! s!.steni, 
causing increased respirator!. s!mptonis ancl ~ i i se~ i se ,  i l c ~ r e ~ l s c d  lung 
function, alterLitions of tlic boci!,'s deft,nse systems, and p r e ~ n a t ~ ~ r c .  
morali ty Sensiti\,e g r o u p s a t  risk include the elderl\,, i n d i \ . i d ~ ~ ~ ~ l s  \ \ i t h  
cardiopulmonar!. disease :,ucIi '1s 'isthma, a n d  children. In '~ddi t ion  to 
health problems, 'iirbnrnc particles cause soiling 'ind damage  to rn'1tt.i.i- 
als and  reducc \risibility in ni'ini. p'irts of' the U.S.  Tlierc art3 dail! (24- 
hour)  a n d  annual I'M hA.,\QS. 

Carbon Monoxide (CO) 
Carbon monoxide is an  odorless, colorless p:, th'it interferes \\.ith the 
deliver), of ox!.gen to the bod!.':, organs and  tissues. The he,lltIi effects of 
C O  \.arjz depending on tlic length and  intenhit? of  exposure iinci the 
health of the indi\.idual. CO 11'1s both '1 one-hour mil e i g h t - l i o ~ ~ r  st'in- 
da rd .  The liealtli threat is most ierious tor those \vho suffer trom c'lrclio- 
\.ascular disease. Effects ot CO include ciiuiness,  lieciil,ichei, f'itigue, 
\,isual i~ i ip~i i rn ient ,  reduced \\,ark c~ipicit!~, reduced manun1 dcxterit!., 
ancl poor learning dbilit!.. 

C O  is y r o d ~ ~ c e c l  b!, tlie incomplete burning of cCirbon in fuels, including 
g.isoline. High concentr'itions of C O  ociLlr  long rocidsides in heci\.!. 
traffic, pa r t i c~~ l~~r l ! .  at  m<ijor intt,rsections, and  in enclosed are,ls, such as 
garages and poorl!' \,entil,ited t ~ ~ n n e l s .  I'c'ik concentr , i t io i  t!.piccjll! 
occur dur ing the colder months of the year \\.lien CO \~cIiiculcir cmis- 
sions are gre'lter c i~ i~ l  night-timt, i ~ i \ , ~ r : , i o n  conditions art, mortt f r c q ~ ~ c v t .  



Air Quality Standards 
National Ambient Air Quality Standards (NAAQS) are set by EPA to 
protect public health and welfare. Primary standards are designed to 
protect against adverse health effects, while secondary standards protect 
against welfare effects such as damage to crops, vegetation, buildings, 
and decreased visibility. 

An area is in violation of the standard if it exceeds the concentration 
level for the specified form of the standard and elduation time frame. 
For example, four exceedances of the one-hour ozone standard must 
occur o17er a three-year period for a \~iolation to occur. 

Primary Air Quality Standards for 
Transportation-related Pollutants 

9 ppm (10mg/m3) 

35 ppm (40 mg/m3) 

0.08 ppm (1 57 yg/m3) 

0.12 ppm (235 yg/m3) 

P b . 5  Annual 15 pg/m3 

24-hour 65 pg/m3 

PMlo Annual 50 pg/m3 

24-hour 150 pg/m3 

ppm = parts per million. 

mg/m3 = milligrams per meter cubed. 

ug/m3 = micrograms per meter cubed 



Classified 1 =Hour Ozone Nonattainment Areas 
(August 2001 ) 

Areas that do not meet the NAAQS are designated as nonattainment 
areas. These areas must submit air quality plans, known as State Imple- 
mentation Plans (SIPS), showing h o ~ v  they ~vill attain the standards. I f  
they do not meet these and other requirements, they face Clean Air Act 
required sanctions and other penalties, including possible loss of 
highway funds. Metropolitan Planning Organizations and the C.S. 
Department of Transportation must ensure that transportation plans, 
programs, and projects conform to these SIPS. 

Ozone nonattainment areas Lvere classified under the Clean Air Act 
Amendments of 1990 based on the se\,crity of the air quality problem- 
from marginal to extreme-with expected attainment dates correspond- 
ing to the severity of the problem. Although most geographic 'ireas of 
the countrlr now meet the one-hour standard, many of our largest cities 
do  not. This map shows current ozone nonattainment areas under the 
one-hour standard in August 2001. 
SLIIII'C'C,: L 5.  En\ ironnicnt'11 I ' rotect to~~ :\gctic\ L:j:cii 1; , ~ > l ,  \L ' ,J , I~ ! ,~I~I I * I~I I~ +(,,I+ +('I C~I!,,;I,I I'O/\I~!,JII!. 
1 - \ugu>t 7001, I l e b  .itc l \clcomt3 to thc C;ret,~i U c ~ l h  Z ~ m ' i t t ~ i i n m e n t  .'ire,iz tor i r ~ t c r ~ , i  I1c>ilut,int\. 0: 
<http: ;  / \ ~ \ \ \ \ . e p . i  gc~\  .:mr I ) ~ O L > >  ' c r twlhk  OlllllJDi 11ii1l/>l? O i t o h ~ r  111111 1 



Classified PM,, Nonattainment Areas 
(as of August 2001) 

This map  s h o ~ v s  that a majorit) ot the I'Ml,, nonattainment 'ireas are 
located in the western half of the United States ~vliere a dryer climate 
contributes to the formation of pollution. 
511iiiii,. L.5 .  E n \  ~ r o i i m e n t ~ i l  i ' r o t ~ ~ t ~ i i n  \gc~ic!. ( ; r , . c i i  I4o~rk \ t ~ r ! , ~ ! : , i i r i ' i ! ~ , r i !  li!.,i- +,'I i , \ ! m r  I ' i i , ' i ~ ! : , r b r i .  
1 !\LISLIS~ 01; \t'eb .;it?: i \c lcomc t ~ ,  thc Gwen B O L A  I \ . i i ~ i ~ i t t ~ ~ ~ t i ~ i i t ' ~ i t  . I ~ c J ~  tor Cnte1.1~1 I ' i ~ l l ~ ~ t ~ ~ l t ~ .  1'\1 
l i t t ~ : ~  , ' I \  !\~!\.~!L>C~.PO\ L i ~ r > ,  r \  11<>11~>111 L g ~ t  1.3 Ckt<)lx,r 2[lOl I 

Classified CO Nonattainment Areas 
(as of August 2001) 

The number of excedanccs  for CO continues to decline, and fe\ver than 
10 million people are lii.ing in nonattainmcnt areas tor CO. 



New Standards 

Potential 8-Hour Ozone Nonattainment Areas 
(based on 1998-2000 data)' 

EPA regulations rcquire three consccuti \~e .c>'irs of' data beforc 'in ;irt>,i 
can be designcited ,is att,iinment or  nolic~ttainment.  .After de\ ,elopment 
of an  implementation pl'in, EP.4 is expc~cteci to formall!. determine 
\vhicli areas ot tht. countr! d o  not mect the 8-hour ozonc st;indard and 
designate them '1s nonattC1innient. In doing so,  FPA \ \ . i l l  use thc threc 
most recent >,ears ot data,  (for c a n i p i c ,  lC~98-2000). This m a p  slio\vs the 
areas of the countr!. that do not meet tht. 8-hour ozone 'itcin~iarcl h,ised 
on 1998-2000 monitored clatcl.* 

PM2.5 
The composition of Phl i s  complex and triitisportCitioti's contribution is 
being rese'irched. There \\,ere 180 counties 11.ith monitors in 1999 that 
s h o ~ v e d  exceedances of the PM,; 5 tandC~rds .  H o ~ v e \  es, hecause thrrc are 
not three consccuti\.e years of monitoring i i ,~ta,  no d e s i p i t i o n s  can bt, 
made  a t  this time. EPA expects to ha\ .c  the data b!. the end of 7001. It is 
anticipated that designations \<.ill not 1~ made  until 2002-05, and  that 
many  new areas \vill be in nonatt'iinmcnt for p ~ r t i c u l a t e  m'1ttcr. 



Percentage of Change in Motor Vehicle Emissions 
Related to Demographics and Transportation 

(1  970-99) 

-' OOOiO Popu la t~on  People GDP- Drivers Veh~cles Vet lc le VOC NOx PM'  CO 
Employed adjusted M e s  

for ~ n f a t o n  Traveled 

Air pollution emissions from motor vehicles ha1.e dropped considerably 
since 1970-VOC emissions are down 59 percent, and CO emissions are 
down 43 percent. These reductions in emissions have occurred along 
with increasing populations, 147 percent growth in gross domestic 
product (GDP), and 143 percent growth in vehicle miles tralreled. 
Although similar progress from an emissions point of view has not been 
realized with NO,, current regulatory emission and fuel programs 
should help reduce the rate of growth in NO, emissions in the future 
(see Tier I1 and Heavy-Duty Diesel discussions on pages 28 and 29, 
respectively). 

5oi i rcc~.; :  Bureau of Economic .Analysis. Si i r i , i , ! i  o f  Rii.i i ics> August 2000. Tablc 2A 

U.S. Census Bureau Sto t i s t i i r i !  A l % t ~ , i i t  of th i .  l i r i i t d  Striti.5. 2000 December 2 0 0 0  Table I .  

Federal Higli~vay Administration. Hig i i ; i ' r i ! i  S t r i i i ~ t i c ~  S i i i r i i ~ i i i r ! i  t o  799.5 [uly 1997 Tablei \11-201, 
DL-201, MV-200; H i , y / i i c ~ y  5 t i i t i s t i cs  7 9 9 9 .  October 2000. Table5 l'hl-3, DL-22, LLI\'-I. 

U.5. Environmental Protection Agency. " \ i t roi i , i l  A i r  I 'o l i i i t r i i r t  E I I I I - i o i i  T r i 3 ~ i i f > .  June  2001 

' Y o i t , :  Consistent data not a\ ailable through 1970 



Travel, Economic Growth 
and Population 

( 1  970-99) 

*. ~ -6- VMT 

- GDP 

Populat~on 

, I I l l l l l l l l l l  I  I I l l l l l l l l l l  

Vehicle travel growth has far outp'lceci population growth since 1970. 
This tracks c l o s e l ~ ~  with economic trends as seen m'itli CDP. 



Surface Passenger Miles by Mode 
(1 980-98) 

Trans~t and lnterc~ty Bus & R a ~ l  

Passenger Car & Motorcycle 

Americans are t ra\ding more than ever. Between 1980 and 1998, the 
number of surface passenger miles tra~reled increased by 1.4 trillion. 
Americans use cars more than any other form of ground transporta- 
tion-96 percent of all passenger miles took place in personal \.ehicles 
(automobiles, motorcycles, and light-duty trucks) in 1998. Light-duty 
trucks, such as rnini\wx, pickup trucks, ancl sport utility \,chicles, make 
up  an increasing portion of miles traveled. Passenger tra\~el on 2-axle, 
4-tire trucks increased 903 billion miles or 173 percent between 1980 and 
1998, while travel by automobiles and motorcycles increased bj. only 22 
percent, or 432 billion miles. From 1985 to 1998, transit ancl intercitj. bus 
and rail use increased by 59.5 billion passenger miles or 50 percent. 



Commuter Modes Split 

Americans commute  to \\.ark in s ing l twccupmt  I-chicles more t h n  b!. 
'?ti). other method. In 1990, 73 pcwent of the. \\,orkforce dl-o\,e to \\.ark 
 lone. That percent,ige inirc'isccl to 76 percent in 2000. The h a r e  ot' 
people commuting b!. \\.alking, and  carpooling declined, \\,bile the bhare 
ot people taking transit 01. \\.orking ,it honie rem,lined const'lnt. 
% i , ~ , ~ , .  L S CL,I~+LI. I ~~ I I LUL I  1 ~ 1 ~ 1 1 '  L I I . , , .  , + i') I , ' , , :  , r , ~ b l ~  1'114~1 I , l h> t  I ~ > t ~ t , < t , l l ~ ~ ~  ,11 iC  I t l i p I ~ ~ ! -  
lil~,l,t C - l l ' i r ' l ~~ t~ ' r l ~ t l L \ ,  I W l ,  l ~ l l l < '  l L ! L l 2  :lllJh L ,  I . , , .  % , ,  'y', " . . ) I :  ',' 5 ,;,,, 1, < ,  '! , ' ,, 1 3  \ll<ll.t 2 l l [ ' l  l < l l ~ l ~ ~  
1'04- \ l ~ , ~ i i ~ ,  c ~ t  II,~II\}>L>I t,1t1<>11 \\,,!L ICII \ \ ~ ~ L L ' I .  1 4 ,  \<,'',r. ,1112 O x  L I 

Vehicle Trips by Purpose 

1969 1995 

17"r Olt 

Commuting has  declined as a b l i ~ r e  ot all \,ehiclt. trips. In 196'1, nmrl!. 
one-third of all \.chicle trips wtSsc~ rnacitl trci\.eling to or  from \I ark. 8 )  
1995, less tli'in o n e - q ~ ~ ~ r t t . r  of ,111 trips \\,ere mcicit~ tr,i\-cling to or 
From ~ ~ ~ o r k .  



Vehicle Miles Traveled and Lane Mileage 

-"#a VMT 

Despite rapid growth in Vehicle Miles Traveled, lane miles ha1.e re- 
mained relatively constant since 1980. O\,er the past twenty years, VMT 
have almost doubled, while lane miles have increased only 3 percent. . . 

This is mitigated somewhat by targeted traffic flow improvements in 
some communities that enl~ance capacity without additional lane 
mileage. 



Capital Outlays 

Obligation of Federal Funds Miles of Federal-Aid 
for Roads Roadway Projects 

New System New Construct~on 
Addit~onal 

In 1999, 511.3 billion in Federal funds \ \ w e  obligated and 20,942 miles of 
Federal-aid road\va!r projects \\.ere undcrwa!.. Although 52 percent of 
the funds hTent to~vard  system preser\~dtion, 86 percent of the project 
miles undcr~vay  invol\red system prescr\,ation. Only 12 percent of' the 
miles in\rol\red capacity additions and 2 percent in~.ol\.ecl nelv construc- 
tion. 
. S O I I I ~ ~ ~ ~  l - d ~ > r , 1 l  l l ~ g l i \ ~ ' i ~  ~ \ c i ~ ~ i ~ ~ i ~ . t r , ~ t ~ c ~ ~ i  i f , , :L ib  > ! > ' > - ! I ~ -  l L l ~ ~ ~ ~  L k t o L ? ~ , r  2000 1 , 1 L > l ~ ~  t \ - I l l  



Percentage of Change in Urban Congestion 
(1  982-99) 

Portland 
+ 3 0% 

Salt Lake Ctty 
+i6% 

San Francisco Denvev 
+is% + 2JO& 

Las ve + z P Y  

Minnea olia sa t -  
+26% +is% +25% 

Milwaukee New V-rll 
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Atlanta 
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+ie% 

Many urban areas have experienced increases in traffic congestion in 
recent years. This map shows the percentage increase in roadway 
congestion from 1982 to 1999 for selected areas. Urban roadway conges- 
tion levels are estimated using a formula that measures the density of 
traffic. 
5 ~ 1 1 1 ~ ~ ~  Texas Trci~isport '~t ion l t i ~ t ~ t ~ ~ t e ,  M j f  1111~~11 .Ll~b~!tt!~ l<t , \~ort \ l ~ !  2OOl. A p p u i d ~ \  ,A-3 



Growth in Freight Movement 
(1 980-99) 

I Truck 

- Rall 

4000 1 

The amount  of h i g h t  nio\,ed gre\\. h) 50 percent betiveen 1980 to 1999. 
Trucks li,iuled 19  perccmt of the freight in 1999, more tli'in doubling the 
tonnage they c'lrriecl in 1WO. Rail cCirriers h c i ~ ~ l c i l  25 percent of the 
freight in 1999, do\;\.n from 29 percent carried in 198O. 

Domestic Intercity Ton Miles 
(1 980-99) 

l l T r u ~ k  

::,: 1 - Hiill  

g ' O O 0  1 
800 I 

The overall g r o ~ v t h  in domestic intercit!. ton-miles for all modes  in- 
creased hy 49 percent bet\veen 1980 and  1999. O\ ,er  this period of time, 
].ail ton-miles increased 61 percent 'ind truck ton-miles incrtused 97 
percent. 

With this g r o ~ v t h  in the  mo\.enient of freight, conies the potential tor 
increased t,missions and the incrwsed importanct  of ernission controls 
m d  fuel technologies to garner emissions benefits. 



Emission Source Categories 

~ 1 ~ 1 1  0s: 

I Manufacturing 

Painting and surface coating 

E Metals and chemical processing 

@ Dry cleaners and others 

Light duty trucks (mini\.ans, pickup trucks, 
sport utility \.ehiclcs) 

H e a v ~ .  clut!. trucks 

Buses 

B Lawn and garden equ~p i i en t  

Construct~on equipment 

Farm equ~pment  

a Arcraft 

I Boats and other marine \ esseli 

Railroads and other 

Forest ~vildfires and ,ig1-iculturaI tires 

Health ser\,ices 

Cooling towers 

Wiridblown dust 



Percent of Change in Emissions 
(1  970-99) 

80°. , 

Americcins h'1L.e made  g r w t  progress i l l  c leC~ning the 'iir. For ntvrl!. tlirce 
decades, national tmission trends ha\.t. been dcclining. :\ great cie,iI ot 
credit for the inipro\.ements goes to clt.,int,r cars 'ind t r~ icks  ,ind retor- 
~ n u l a t e d  fuels. 



VOC Emissions 
(1  970-99) 

- All Other Sources 
On-road Vehlcles Change in Total VOC 

Emissions: -41 96 

Change in On-road 
vehicle VOC 
Emissions: -59% 

Volatile organic compounds (VOC) are precursors of ground-le\,el 
ozone. Since all organic compounds contain carbon, \.olatile organic 
compoui~ds are often called hyclr~carbons (HC). In 19C1C1, on-roC1d 
vehicles produced 29 percent of '311 VOC emissions, down from 42 
percent in 1970. Point and area sources made up  19 percent of VOC 
emissions, ~ ~ l i i l e  non-road engines made LIP 18 percent and miscella- 
neous sources made up 3 percent. On-road \.chicle emissions of VOC are 
do\vn 59 percent since 1970. Mean\vhile, point and area sources are 
down 41 percent and miscellaneous sources ;Ire d w v n  33 percent. VOC 
emissions from non-road engines and \vehicles rose by 72 percent during 
this time period. 

VOC Emissions 
(1 999) 

M I X  



NO, Emissions 
(1  970-99) 

- All Other Sources 

On-road Vehicles Change I n  Total NO, 
Ern~ss~ons: 21 O 0  

Change I n  On-Road Vehicle 
NO, Emissions: 16'6 

In addition to VOC, oxides of nitrogen (NO,) contribute to the formation of 
ozone. 111 1999, on-road \~ehicles produced 31 percent of all NO, emissions, 
d o ~ n  slightly from 35 percent in 1970. Point and area sources made up 13 
percent of NO, emissions, wrhile non-road engines made up 72 percent and 
miscellaneous sources made up 1 percent. On-road \.chicle emissions of 
NO, are up 16 percent since 1970, due primarily to the g ro~~r th  in hea\.y 
duty diesel engines, wliert~ VMT increases Iia\.t> outpaced emissions 
control technology to effect '1 net incre'lse in emissions trom these \.e- 
hicles. Meanwhile, point and area sources are cio~vn 1 percent since 19711 
and non-road engines are up 186 percent. 
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Change in NOx Emissions by Vehicle Class, 
(1 970-99) 
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Between 1970 and 1999, NO, emissions from passenger \.chicles de- 
creased 31 percent. By contrast, NO, emissions from light- and heavy- 
duty gasoline and diesel ~rehicles increased 28 percent, 65 percent and 
116 percent, respectively. As reported abovc, total on-road NO, emis- 
sions have increased 16 percent. 



CO Emissions 
(1 970-99) 

On-road \.chicles 'ire the I~rges t  sourct. of carbon nionosicle (CO) 
emissions. In 1999, on-road \-eliiclc~s procluccd 51 percent of ,111 CO 
emissions, down from 68 perctvt in 1970. Point ,ind ;Ire'i sources made 
up 13 percent of CO emissions ~~rl i i le  non-ro'ld engines m,icle up 26 
percent and r n i ~ c r ~ l l ~ i n c o ~ ~ i  sources rn,iclc up 10 percent. On-rocid 
\,chicles emissions are dmvn 43 p t ~ c e n t  since 1970. hlec~n~vliile,  point 
and area sources 'Ire clo\\r~i 40 percent. C@ emissions from niiscell,~- 
neous sources incre'isecl L2\. 19 percent ,ind non-road enginc.s ri>stl L7). 110 
percent during this time period. 
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Particulate Matter (PM,,) Emissions 
(1 985-99) 
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Particulate matter consists of dust, direct smoke, and liquid droplets. 
Traditionally inventoried sources, such as fuel combustion, industrial 
sources, and transportation, together make up only about 13 percent of 
total PM,,, emissions. I'Mlll from traditionally in\rentoriecl sources (on- 
road and non-road engines, point area sources) has dropped 17 percent 
between 1985 and 1999, and on-road \rehick emissions ha\.e dropped 19 
percent during this time period. 

A majority of PM,,, emissions come from sources that are not tradition- 
ally in\,entoried, such as fugiti\.e dust from paved and unpa~red roads, 
construction and agriculture. FugitiI~e dust from unpa~sed and pa\red 
roads contributed 50 percent of PMlli emissions nationwide in 1999. In 
addition, secondary PM formed from SO\, NO\, and other gases con- 
tribute to PM concentrations in the air. 
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Lead Emissions 
(1 970-99) 
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The dramatic reduction in lead emissions in the United Stcites is a 
success story a t t r i b ~ ~ t a b l e  in 1 , i rp  part  to the remo\,al of Ie'id from motor 
\.chicle g'isoline. In 1999, on-rocid \.chicles produced less than 1 pcrcent 
of all le,id emissions, clo\\.n tram 78 pcrcent in lC)70. O n - r o ~ d  \.eliicltl 
emissions of Pb \\.ere ~ , i r t u a l l ~ .  txliniin,jted h! the I'ite 1')80s. 
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Air Pollutant Concentrations 
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Air Quality Pollutant 
Concentration 9'0 Change, 
1 981-2000 

As air pollutmt emissions 11a\7e dropped o\.er time, 'lir quality has 
i~npro\led. Reductioiis in air qua lit!^ concentr;itirms 'ire inipressi\,e, ~vitli  
concentrations of ca~.bon monoxide in tlit d i r  decrwsing b!. more than 
half and lead c~ncentr~i t ions \.irtuall!. eliminated. All tlie ye~irs through- 
out tlie 1990s 1ia1.e had better air q~~a l i t ) .  than an!. of tlie !,ears in the 
19805, sho\ving a steady trend of imprn\.ement. 

Exceedances Per Monitor 
(1 975-2000) 
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As air pollution concentration has fallen, the number of exceedances of 
air quality standards has fallen dr,i~natically across the United St'ites. 



Carbon Emissions 
(1  990-98) 
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In contrList to most critcri,i p o l l ~ ~ t ~ i n t s ,  t,niissions of grcenliou.;~ g'ises 
h'1i.e been rising from all 
sectors. TrCinsport ;1 t '  lon, 
including '111 modes of 
tra\.cl, has been the fListt>5t 
growing sector. F-rom 1 W O  
to 1998, c'lrbon emission.; 
from transportation g r e~ \ .  
by 13 percent, and o\,ercill, 
i t  contributes approsini,ite 
one third of national 
carbon emissions. 
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Federal Emissions Standards 

The Clean Air Act of 1963 and its subsequent amendments set federal 
emissions control standards for all new cars and light trucks sold in the 
United States. T11e most recent Clean Air Act Anienclments in 1990 
established more restricti\.e "Tier 1" emissions standards, which becanie 
effective in 1994. The CAAA also required EPA to study whether more 
stringent-Tier 2-standards were needed to meet the NAAQS. In 1999, 
EPA determined that ne\v standc~rds \\ere needed and cost-effecti\,e. 
Starting in 2004, all classes of passenger ~.eliicles, including sport utility 
veliicles and light trucks, \ \ , i l l  Iia\.e to comply with ne\v a\.erage tailpipe 
standards of 0.07 grams per mile for nitrogen oxides. 
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Tier II Emission Standards 

Light-Duty Vehicle Emissions Under Tier II and 
Low Sulfur Gasoline Rule 

In December, 1999 EPA announced ne\v engine and gasoline standards 
commonly kno~vn as Tier 11. The standards \\,ere designed to reduce the 
emissions from new piswngw c'lrs ~ n d  light trucks, including pickup 
trucks, minivans, and sport-utility r.ehicles. Beginning in 2004, the 
nation's refiners and importers of gasoline tvill ha1.e to ~ i i a n u t ~ i c t ~ ~ r e  
gasoline ivith sulfur lerrels capped at 300 parts per million (ppm),  
approximately a 15 percent reduction from the current industr). a\.erage 
of 347 ppm. By 2006, refiners rvill meet a 30 ppm 'i\.erage sulfur le\.el 
\\,it11 a maximum cap of 80 ppm. The Tier I 1  regulations ,ire predicted to 
decrease NO\ emissions by 61 percent, and VOC eniissions b\. 24 
percent bet~veen 2004 and 2030. 
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Heavy Duty Diesel Emission Standards 
Due to the grorvtli in mo\-tmient of frt,iglit, regul'1tion ot 1-t~liislcs used to 
transport freight is becoming increasingl!, import,lnt. L.S. En\.ironmcn- 
tal Protection Agency (EI'A) has rno~red to acidrcss this s i t ~ ~ ~ l t i o n  [\.it11 
the follorving: 

In December 2000, the EI'A issued the final rule tor the tr3,o-part str'iteg! 
to reduce diesel emissions from hcCi\,! -duty trucks atid buses. The EPA 
issued net\. diesel engine stand'irds btlginning in model year 3004 for all 
diesel \rehicles o\.er 8,Li00 pounds. Additional iliest~l standards 'incl test 
procedures ivill begin in 2007. Tliesc st,~ndards are based on the use of 
high-efficiency aci\.anced emissions controls. 

Because the control iie\~ices 'Ire d,irnagecl b!. sulfur, E17A is 'ilso initiclting 
a program requiring cleaner diesel fut>ls. Refiners r ~ r i l l  be required to 
start producing diesel fuel for use in highrv,~!. \,tlhicles rvith '1 sulfur 
content of no more than 1 J p r t s  per million (ppm),  beginning June, 
2006. This is d o ~ v n  from the current Ie\.el of 500 ppm, a 97 percent 
reduction. These two rult,s rvill be phased in het~veen 300h-10 in order 
to ensure a smooth transition. 

Heavy-Duty Vehicle Emissions Under 
Heavy-Duty EngineIFuel Rule 
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These rules are predicted to reduce h0, and PhZi, t.nils51ons from 
Hea\.>-Dutv Diesel engmes b~ 88 percent and 64 percent, re\pect~\ el!, 
betkveen 2007 and 2030 



National Low Emission Vehicle (NLEV) Emission 
Standards 
The National Low Emission Vehicle (KLEV) program is a ~roluntary 
program between auto manufacturers, EPA and states. Under the NLEV 
program, auto manufacturers agreed to cornply [vith tailpipe standards 
that are more stringent than the EPA mandate prior to model year 2003. 
In return, EPA and the states agreed to provide manufacturers with 

a i ornia motor regulatory stability and not to impose the stricter C l ' f  
vehicle emissions standards. Through this \roluntary program, cars 
significantly cleaner than the law requires were a\.ailable in \rarious 
states in the 1999 model year (fleet average NMHC emissions of 0.148 
g/mile in 1999 and lower thereafter) and elsewhere across the county in 
2001. 

California Emissions Standards 
California has amended its Low-Emission Vehicle regulations. The new 
amendments, known as LEV 11, will adv'lnce the state's clean air goals 
through improved emission reduction standards for automobiles. The 
LEV I1 regulations will apply from 2001 through 2010 and represent 
continued progress in emission reductions. Some highlights of the LEV 
I1 amendments include the extension of passenger car emission stan- 
dards to sport utilit?. \vehicles and pick-up trucks, the creation of a newr 
group of super-ultra low emission \rehicle (SULEV) for light-duty 
trucks, and expansion of in-use compliance testing. 



Sources of Vehicle Emissions 
The power to nio\.e a motor \,tbhicle conies from burning fut.1 in an 
engine. Emissions from \.eliicles conits from the h!.-products of this 
combustion process. In addition, \.olatilv orgcinic c o m p u n d s  (1'0C) 
escape through fuel e\.aporcltion. .+\s \.chicle eihaust s\.sttms ha\.e 
imyrm'ed, e\,aporati\.e tmissions li'i\zc become '1 larger component of 
total vehicle VOC eniissions. 

Exhaust Emissions 
Tlie combustion process results in emissions of \.olcitile 
organic compounds (VOC), oxicit.s ot nitrogen (NO,), 
particulate matter (PM), and c'irbon monoxide (CO), 
~rliich are rele'ised from tlie tailpipe \\~hile ,i \,eliicle is 
oper'iting. Exlia~lst emissions occur during t\\,o modes: 

Cold Start Emissions-StCirting cind clri\.ing a \.eliicle the first fe\~r 
minutes results in higher emissions because the emissions control 
equipment h'ls not !.et re,icIiccl it5 optinicil operating temperature. 

Evaporative Emissions 
Volatile organic compounds (VOC) cilia escape into the 
air through fuel c,\,aporation. Dcspitc e\.ciporciti\.t~ 
emission controls, e\.aporati\.e losses can still account, 
on hot Jays, for a majorit), of tht. tot'il 1'OC pollution 
from current model cars. E\,aporati\.e emissions occur in 
several tv~iys: 

Running Losses-The hot engine and exhaust s)~steni can \ aporize 
gasoline m.hile the \ ehicle is running. 

Hot soak (cooling doi\.n)-Tlie engine rtlmains hot tor a period of 
time after tlie \~eliiclc is turned oft, and gasoline t~\.,ipor,ition 
continues \\,hen the m r  is parked tvhile cooling clot\,n. 

Diurnal (~vliile parked and  engine is cool)--EL-en t\.litw the \.eliicle 
is parked for long ptsriocls of tinit1, gasoline e\.ciporcition occurs as 
the temperature rises during tlie cia!,. 

Refueling-Gasoline \.al-xvs e s c ~ p e  from the \,chicle', fuel tank 
~vhile  the t'ink is being f i l l d .  



Trip Emissions 

Emissions of a Typical Car on the Road in 2000 
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Starting a car cold increases trip emissions compared to starting the car 
lvarm. For a 7.5 mile trip bjr a typical car in 21100, the \.eliicle emits about 
8.7 grams of KO, and 93.1 grams of CO if  the engine is alreadj. warm. If, 
however, the engine is cold, an additional 1.1 gr'ims of NO, L i ~ i ~ d  37.8 
grams of CO are generated. As a result, tor a 7.5 mile trip, starting the 
car cold generates about 16 percent more NO, and 40 percent more CO 
than starting the car when i t  is warm. 

Volatile organic compounds (VOC) are emitted both from the tailpipe 
and through fuel evaporation. About 6.3 grams of VOC are emitted from 
the tailpipe if the engine is Ivarm, and e\,aporati\.e emissions (during 
travel and while cooling down) result in 2.3 grams of VOC. Starting the 
car cold generates another 4.3 grams of VOC. 

Linking multiple trips - called trip chaining - helps reduce emissions 
by eliminating the cold start. However, on hot summer days, even when 
a car is parked all day, VOC e\.aporates from the \.ehiclels fuel tank ' ~ n d  
control systems. Approximately 2.6 grams of VOC per day are emitted 
simply from ha\.ing the car parked all da!.. 



Emission Rates at Different 
Operating Speeds 
Emission sates \.~ir!. based on the spccil '1 \-ehiclc is tra\.eling. The EI'.A's 
model for high\\.a!. \.chicle emissions-\I@BILE ib-slio\\rs l i o ~ ~ .  speed 
affects emission r,~tes.  VOC and CO <mission rates typically drop '1s 
speed increases, but incre'ise at high speeds. SO, emission rates turn LIP 
at lolver speeds. Emission rate5 at d l  spcecis 1i;1\ e been falling o1,t.s time 
as nelver, more controlled \,chicles cnti,r the flctlt .  
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These cur\.es do not represent the Full r'inge of effects 'issoci'itcd \\.it11 
tsa\.el at different speeds. F5mit;sion r a t t ~  arc' liiglies during stop-citiil-go, 
congested traffic conditions thin free tIo\\ conditions operating 'it thv 
same a\,erage s p e d ,  hlodcling inipro\.c~ments ‘ire under\\>'i! to cspture 
these effects. 



Car and Truck Emissions 
These comparisons s l ~ o w  ill-use emission rates, in grams/mile, for cars 
and heavy-duty diesel trucks \vith 1998 control tech~mlogy \.ersus 1967 
vehicles (before significant control). Car emission rates have declined by 
80-95 percent depending on pollutant, r~~h i l e  hec~\,!r-dut)r diesel truck 
emission rates ha\-e declined by 37 percent for HC, 71 percent for NO,, 
and 13 percent for CO. 

4 
In-use gramsimile 2.1 In-use gramslm~le 



Car and Yard Tool Emissions 
The map belowr s h o ~ ~ s  the number of miles a t!.pical 1998 car \\'auld 
ha\re to dri\.e to generate the same cimount of emissions as one hour of 
tool use (pre-control la\vnnio~\,er, sno\vblo~ver, and chainsa\v). For 
example, using a cIiainsa\v for one hour emits the same amount of VOC 
as driving 660 miles. To emit the s;ime a tno~mt  of CO as using a snmr- 
blower for one hour, !,ou \ ~ ~ o u l d  h'3i.e to clri\,e 305 miles. 

Because non-road engines are a significant source of pollution, in 1997 
EPA promulgated new regulations aimed at these engines. These 
engines 1iar.e had to meet emission standards for HC, CO, 'tnd KO, 
since 1997 ancl ha\.e resulted in a 32 ptwent reduction in HC le\-els. 

EPA has also adopted an ridditicxial set of stand'~rcls tor smiill engines. 
For norih~ndheld applications (such as I'i~vn and garden tractors 'ind 
lawnmowers), these standards \vill be phased in betxveen 2001 and 2007 
and are predicte~l to result in ~n additional 60 percent reduction in HC 
and NOx emissions be!rond 1997 le\.els. For handheld ,~pplications (such 
as leaf blowers and chainsat\-s), these standards \ \ , i l l  be phascil in 
between 2002 ancl 2007 and are predicted to result in an additional 70 
percent reduction in HC and NO, emissions beyond the 1997 Ie\ cls. 
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Gross Emitters 
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A small percentage of vehicles emit a large percentage of the pollution 
from on-road l~ehicles. These "gross emitters" include not onl!, older 
model vehicles but also some newer cars ~v i th  poorly maintained or 
malfunctioning emissions control equipment. As shown in the diagram, 
it is estimated that less than 10 percent of the vehicle fleet emits approxi- 
mately 50 percent of the VOC emissions. The same \~ehicles, however, 
are not always gross emitters for all criteria pollutants-a different 10 
percent may be gross emitters for CO, NO\, and others. Additionally, 
10-27 percent of the vehicles failing inspection never end up passing the 
State Inspection and Maintenance tests. 

H~gh Emitters 

no1 I 



Despite continued irnproi ements, the 'lir q~lality issues facing States 
and regions require that pc)lic]vrn,~kers consider strategies to reduce 
emissions from all sources-point and ,lre,l, on-road \,ehiclrs, and non-  
road engines. The arra!. of strategies a\ ail,~ble to transportation and air 
quality officials range from regul;ttory to \~oIuntar)~ and from technol- 
ogy- and fuel- based strategies to m,~rket-b'ised measures aimed ,lt 
changing dri\.er beha\.ior. A fmv of the more common polic~. rtxsponses 
are described belolv. 

Conformity 
Transportation conformity is process to ensure that federal funding 
and appro\.al are gi\,en to those transportation acti\.ities that are consis- 
tent with air quality goals. The conformit>, regulation requires that all 
transportation plans and programs in n ~ n a t t ~ ~ i n m e n t  or niaintenance 
areas conform to the State's air qual i t~.  pl;tn, kno\\.n '1s the State Imple- 
mentation Plan or SIP. It ensures thclt tr,insportation ;~cti\.itit,s do  not 
ivorsen air quality or intertere \zith the p u r p w  ot the SIP, u~hicli is to 
attain the NAAQS. Meeting the NAAQS often requires emission wduc- 
tion from mobile sources. Se\.eral transportation emissions recl~~ction 
strategies are a~~ai lab le  and, in some regions, required to help regions 
attain the standards. 

EPA is del~eloping its implementaticm strateg); including nuv  confor- 
mity rules for the eight-hour ozone standard. 

Inspection and Maintenance (I&M) Programs 
An I&M program  denti if lei and correct5 cxccis~\ e I eli~cle erni5sloni 

Basic I&M includes annual or biennial inspectiom by, the State or 
municipal authority at central or local inspection facilities. Basic 
I&M is required in cert'lin ozone and CO no~i~ittainment ;Irecis. 

Enhanced I&M includes inspection for tampering \~.ith emissions 
controls or niisfueling, use of computerizecl emission anal!~rers, 
and inspection of on-board diagnostic systems. States super\.isc 
testing annually or b imnu , l l l~~  at testing stations. 



Technology Improvements 
Emissions reductions can be acliie\.ed by impro\.ing engine technology 
or using alternati\.e fuels or reformulated gasoline. Among engine 
impror.enients, the catalytic con\,erter, i~.hicIi extracts pollution from 
exhaust, has made the largest contribution to reduce \.eliicles emissions 
in recent years. A catalytic con\.erter does not operate efft.~ti\~ely, 
however, until it reaches its operating temperature after '1 car has been 
running for a few minutes. During the first felv minutes of running 
time, tlie car emits a higher amount of pollutants-cold-start emissions. 
Additionally, high sulfur content in fuel has been slio~vn to reduce tlie 
effectiveness of the catalytic con\.erter. To reduce these emissions, EPA 
has promulgated a low sulfur fuel rule in conjunction with Tier I1 and 
researchers are exploring ways to reduce the time needed to heat the 
catalytic con\,erter. 



Use of Reformulated Fuels 

MTBE 

Ethanol In gasahol 

Oxygenates sucli as nicth~.l tertiar~. but\.I ether (MTBE) or tertiar!. 
butyl ether (ETBE) are blended ~vitli gci.;oline (in other ivorcls, reformu- 
lated fuel) to increase the ox>.gen content for more complete combustion 
in engines, resulting in decreased tailpipe emissions. 

The U.S. EPA has implemented t ~ v o  "cleaner L3urning" fuel programs. 
One is the Winter Oxyfuel Program that requires ox>.gen,ltecl fuel 
during the cold months in cities that h \ . e  elc\.ated le\.cls otcarbon 
monoxide. Ethanol is the primary ox1,genate used in this progranl, and 
once an area is redesignated to CO attainment, the use of ox!.gemted 
fuels becomes optional. 

The Year-Round ReformuL~ted G~sol inc  Program requires reformulated 
gasoline (RFC) ye~r-round in cities \zit11 the tvorst ground-le\.el ozone 
(smog). RFG is ox),genated fuel t l ~ t  is speci,ill>, blended to lia\.e tetvcr 
polluting compou~ids than con\.entionaI gasoline. 

The use of MTBE in the nation's fuel supply has gotten into the gro~md-  
wrater and created ;t risk to drinking ~v'iter and groun~l  \vatcr resources. 
Due to these concerns, Congress is considering '1 limit or Lx1n on the use 
of MTBE as a fuel ,~dditi\ ,e.  



U.S. Gasoline Requirements 
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U.S. Gasoline requirements Lrary across the county. The map above 
depicts the 15 different fuel requirements currently used in the United 
States. 



Alternative Fueled Vehicles in Use 

Use of alternative fuels for motor vehicles has increased in recent years. 
More than 432,000 Alternative Fueled \khicles ( AFVs) were projected to 
be on the road in 2000, a 72 percent increase since 1992. These increases 
are due to a number of policies including the a\-ailabilit!. of federal 
funding under the Congestion Mitigation and Air Quality Impro\,ement 
(CMAQ) program, the Envrgy Policy Act of 1992, and Presidential 
Executive Order 12844, n,hich require n~in imum AFVs purchases for 
federal government ~rehicle fleets. Mandates requiring state and fuel 
provider fleets to acquire AFVs also took effect in model year 1997. 

Share of Alternative Fueled Vehicles by Fuel Type 
(1 999) 
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Most AFVs used in 1999 were des~gned to operate 011 Liquifled Petro- 
leum Gas (LPG). The second most popular fuel was Compressed 
Natural Gas (CYG). 



Alternative Fuels 
A variety of alternati1.e fuels are ci\~a~laL31e ,ind can be used to combat 
different air pollution problems: 

Liquefied petroleum gas (LPG)-,A fossil-tut~l cltxri\.ati\ e i ompowd of '1s pt>rct3nt 
propane 'ind 5 perctmt b u t C ~ n t ~ s .  It p r o d ~ ~ c e s  lo\\,er CO emissions, hut NO\ 
emissions mi!. be hig1it.r. 

Natural Gas-A fuel tli'it can bt, in compressed (CUC;) or liquitied (LYG) torm. The 
C S G  form, more common in the tr'insportation sector, is i tor td  in high- 
pressure cyl indus .  CZlC generCitt3s 1oiz.t.r CO 'ind VOC emissions than 
coni~entional gC?soline, 'ind lo\z.er UO, 'ind I'U tlian diesel fut>ls. 

Ethanol-Grain alcoliol ni'ide from corn, sug~irc,inc or \\ooii! hiomCiss. Ethanol 
blends mciy reduce CO txmissions, but tlit'ir cttcct on o/01it3 i \  ntxgligihle. 

Electricity-Electric \~eliicles ~ t i ~ l y  be p o ~ v e r i d  h!. batteries cI1,irgi.d at  home or ,it 
charging st'itions \\,itli electricit!, from po\\,er plcints. Tiit.! li,i\,tl no  t~iilpipe 
emissions; o\~erall emissions depend o n  po\\,er plant energ! sources. 

Hydrogen-A clean-burning fuel t h ~ t  c'in b' produced from cocil, n a t ~ ~ r ' i l  p s ,  oil, 
solar, or wind energy. A \.ehiclt, opc,rating on '1 fuel cell, ivhich gc3nercites 
electricit!, by harnessing the rt~,ictioii of Ii!,drogeti anti o \ )gen  to mcikt, water, 
prociuct~s no C O  or \'OC emissions and t~\tremt~l!~ lo\\. NO, t,missions. 

V7ehicle/engine design is a critical factor affecting emissions from 
alternative fueled vehicles. 

Hybrid vehicles switch from one power source to the other continu- 
ously, depending on the engine load. A hybrid electric \.chicle uses a 
high-energy-density b'ittery and sm'ill internal combustion engine. The 
in-use emissions of the hybrid electric \,eliicle depend on fuel used in 
the internal combustion engine-most typically diesel, gasoline, or 
CNG. 



Transportation Control Measures 
States a n d  localities can ht>lp r c~ luce  motor \.chicle ciiiissions b\, implc- 
nienting measures to m,in,lge tr'~\.cI dt.rnancl or  impro\ t' tr,ltfic t lo~v.  
"Transportation control meclsurt." (TChl)  is thc term ~ ~ s t ~ l  to rt,tcr to 
these efforts \vIien they J S L ~  included \\ ithin '1 State ImpIcmt:nt,ttii,n 
Plan. Examples of these me~isurc~s  include: 

Alternatives to Single Occupant Vehicle Travel 
Measures that focus on pro\,iiling 'iIternati\.ei; to single-occupint \,ehiclt. 
tra\-el, sucli a s  carpooling, transit, and  hicjscling: 

Area-wide ridesharing-:\ p r o g r ~ ~ i i  t h ~ t  pro\ i~4t.s ial.po01 m a t c h ~ n g  and intorni,i- 
tion scr\-iccs. 

Traffic Flow Measures 
MeCisures that  focus on irnpro\.ing the smoothness of tr;iftic flo\\. to 
reduce stop-and-go traffic conditions: 

Freeway management 

Transit management 

Incident management and emergency response 

Electronic toll collection and electronic fare pavment 

Railroad crossings 

Regional multi-modal traveler intornlation 



Market Measures 
Measures that rely on pricing as an incentive to reduce travel 
congestion: 

Parking pricing-Increases in parking fees or reduced fees for carpools. 

Parking cash-outltransit subsidies-A program in which employees are given the 
option of taking the cash value of a parking space or a transit subsidy instead 
of free parking at the job site. 

Buy-backs of old cars-Programs that pay owners of older cars to scrap then 
vehicles. 

Congestionivalue pricing-Assessment of road charges d u r ~ n g  hours of peak 
demand. 

E~nissionsIVMT taxes-Use of I~ehicle registration fees charged on the basis of 
emissions rates and/or  miles dri\,en. 

Fuel taxes-Taxes paid at the pump on motor \ ,eh~cle fuels 

Employer-Based Measures 
Measures that involve implementation by employers: 

Compressed workweeks-Extension of the typical cvorkday in order to reduce the 
number of days worked, thereby r c d ~ r i n g  the number of t w r k  trips. 

Teleco~nmuting-Arrailgements allo\ving employees to work at home or at satellite 
offices close to home. 

Commuter Choice-Benefits that employers can offer employees to commute to work 
by methods other than driving alont.. These may include "qualifiecl transporta- 
tion fringes" under IRS rules (transit and \.anpool \,ouchers and passes and 
qualified parking), biking, walking, telecvorking, roller blading, and others. 

Non-Traditional Measures 
Episodic measures-hleasures that are put in place during days when air quality is 

expected to be poor to reduce exceeclances of air quality standards. 

Land use planning-Incentives and planning to encourage de\.elopment patterns 
that place jobs, housing, and ser\,ices closer together and that encourage 
pedestria11-,~nd transit friendly environments. 

Parking restrictions-Parking policies that discourage \.chicle use, such as time 
restrictions and eliminating on-street parking. 



Funding 
Numerous funding mechanisms are a\-ailable to implement these 
strategies. Traditional transportation funding sources, state and local 
sources, user fees, and pri\,ate sector in\.ol\.ernent be used. The 
Congestion Mitigation and Air Qualit!. Iniprm-ement (CMAQ) Program 
was developed under the Intermodal Surface Transportation Efficiency 
Act (ISTEA) of 1991 and reauthorized under the Transportation Equity 
Act for the 21" C e n t u r ~  (TEA-21). The CMAQ Program is a potential 
funding source for measures to reduce air pollution emissions from 
motor Lrehicles. 

CMAQ Program 
The CMAQ Progr'lm allocates funds to States to ~mplernent transporta- 
tion control measures and other strategies to help areas meet the 
NAAQS for ozone, CO and PLI State and local go\ ernrnents select the 
projects to fund and coordmate them through Metropol~tan P l m n ~ n g  
Organizat~ons The projects 1 ar\ b! repon but t\ picall\ 111clude the 
following measures 

Transit improL.ement5 

Alternative fuels programs 

Traffic flow improvements 

Demand management strategies 

Pedestrian and bicycle programs 

Inspection and maintenance programs 

Other activities, such as educCition 'ind outreacli progr~lnis, ma! also be 
eligible for CMAQ funds it' thev contribute to reductions in mobile 
source emissions. In addition, TEA-21 included eutrt3me lo\\ -tt1mpera- 
ture cold start programs, magnetic le\,itation transportation technolog!- 
deployment programs and public-pri\.,~te partnerships. 





Web sites 

U.S. Department of Transportation (DOT) 
" I 

L.S. DOT, Bure'>u of Tr,in\portat~on S t a t ~ i t ~ c i  (BTS) 
:' 5 I 

U.S. Environmental Protection Agency (EPA) 
' > 

Other Government Agencies 
U S Department ot Energ! (DOF), Energ\. 11itor11ut1on .4d11i11i1\tr~it1oii 
(E 1 A) 
1 I l ' t  l 

Oak Ridge h a t ~ o n a l  Lahor,itor~, Center tor Tran5portat1on Ancil\ril\ 
r 



Organizations, Programs and Academic Sites 

Center for Transportation and the E n \ h n m e n t ,  nor th  Carolina State 
Univers~ ty 
iitt:) :tre w s i ~  rd i l  -te 

Ozone Transport Commission (OTC) 
tlt*[J A?'/. 11 C S O  2 1 Q  7tr 

State and Territorial Air Pollut~nn Prograin Admin~strators/Assoclat~on 
of Local Alr Pollut~on Control Offic~als (STAPI'14/,4LAI'C0) 
> * '  <\ " f 4, (> 3 ; ,, . 

Texas Transportation Inshtute 
1 ;  t . ! . L  - ! I  

Transportation Research Board (TRB) 
I + ;  5 ; .  < !  t- 1 8 t ? P  

Statistical Publications 



Other Publications 





Transportation and Air Quality Selected Facts 
and Figures 

FHWA would appreciate your feedback on the Transportation and Air Quality 
Selected Facts and Figures. Please respond to this evaluation to help us 
improve our research products and program. Your responses will be used to 
assess the usefulness of this report and will assist us in develop~ng future 
resources. 

Please respond to each statement using a rating scale of 1-5 as follows: 

1 =  I strongly dlsagree w~th th~s statement 
2= 1 somewhat d~sagree with ths statement 
3= 1 dlsagree with thls statement 
4= 1 agree wrth ths statement 
5= 1 strongly agree with thls statement 

1. This fact book provides useful information on air quality and transportation 

-1 1 2 -1 3 -1 4 5 

2. The information provided IS relevant to needs in my statelregion 

-1 1 J 2 -1 3 J 4 -1 5 

3. This brochure is well organized 

1 J 2 J 3 -1 4 -1 5 

4. The level of information and data prov~ded In each section is adequate for 
me to understand the material presented. 

J 1 2 -1 3 -1 4 -1 5 

5. The charts and figures In this fact book effectively illustrate and clar~fy key 
facts and relationships. 

-1 1 -1 2 J 3 -1 4 -1 5 

6.  The "Resources" sectlon prov~des references that I expect to use to obta~n 
further ~nformat~on 

J 1 J 2 J 3 4 -1 5 

7. 1 prefer to access documents such as this 

J electronically -1 hard copy -I both electroncally and hard copy 

8. How will you use the ~nformat~on conta~ned In t h ~ s  fact book? 
- - - - - - - -. . - - - -- - - - - - 

-- -. - - - - - - - - 

9. What suggestions would you offer to Improve this fact book? 

a Organizat~on -1 Federal Agency J State Agency -1 MPO 
J other publ~c agency J prlvate company J non-prof~t organization 

b Profession J transportat~on J env~ronment -1 research other 



Please fax this evaluation to 202-366-3409, attention: Victoria Martinez or mail . 

this postage paid self-mailer so that the address is on the outside of the mailer. : 
Please fasten with staple or tape. 
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